Virus loss in activated sludge appeared to be caused by microorganisms. This conclusion is supported by the finding that poliovirus infectivity decreased during incubation in mixed-liquor suspended solids, primarily because of a sedimentable, heat-sensitive component. Furthermore, broth spiked with mixed-liquor suspended solids acquired antiviral activity during incubation.
Reuse of sewage and its components is becoming a popular method of resource conservation. Processes used to treat these waste products must insure that their reuse does not create an unacceptable risk to public health. One such process, activated-sludge treatment, has been shown to cause a significant reduction in sewage pathogens. For example, this process accompanied by a sedimentation step can remove more than 99o of the enteric viruses detectable in wastewater (24) .
Initial studies on virus loss during activated sludge treatment suggested that association with wastewater particulates, which subsequently settle and become components of sludge, is the main mechanism of virus removal (6, 7, 12, (14) (15) (16) . This would not be unexpected, because it has been clearly established that viruses added to wastewater rapidly become bound to particulate matter (11, 20, 23, 25, 26) . The possibility that some fraction of virus loss during activated sludge treatment is due to inactivation was also suggested in these early reports. Further evidence that viruses are truly inactivated during this treatment process has been provided by more recent studies (10, 18) .
Accelerated viral inactivation reportedly occurs in a number of other environmental systems. River water has been shown to have antiviral components (1, 21) , and a number of reports describe rapid virus inactivation in marine waters (2, 3, 13, 17, 19) . Several different causes of virus loss have been postulated from these studies. One proposed mechanism is inactivation by the direct or indirect action of microorganisms. Environmental isolates of bacteria with antiviral activity have been found on several occasions (8, 9 ; R. S. Fujioka A possible mechanism of virus loss during activated sludge treatment is inactivation by microorganisms. In fact, several strains of bacteria with some antiviral activity were isolated in one of the earliest reports on virus removal during this process (12) . Because optimization of natural disinfection methods is highly desirable, it is important to understand the role played by microorganisms in virus removal during activated sludge treatment. This study was designed for that purpose.
The principle method chosen for this laboratory study involved seeding mixed-liquor suspended solids (MLSS) of activated sludge with a standard enteric virus and observing the loss of viral PFU over time. The virus used was the LSc2ab strain of poliovirus 1, originally supplied by Lederle Research Laboratories, Pearl River, N.Y. This virus was propagated in BGM cells and analyzed for infectivity by the plaque assay in HeLa cells (25) . Preparations of this virus that contained 9 x 109 PFU/ml were diluted 100-fold into MLSS obtained from the Sycamore Sewage Treatment Plant, Sycamore Township, Ohio, or into other media as specified. Samples (30 ml) were distributed into 125-ml Erlenmeyer flasks and incubated at 26 + 1°C on a rotating platform (180 rpm). The dissolved oxygen content in the flasks was maintained above 5.5 tical results. The data from one typical experiment (Fig. 1A) showed that a rapid decrease in recoverable PFU occurred during the first 16 h of incubation, relative to a control. The rate of loss during this period is comparable to those found by other investigators in model activated-sludge systems (4, 5, 10, 18, 22) . The initial rate observed here decreased during extended aeration time, a result that would not have been evident in the model systems, in which retention times were relatively short.
The second experiment was done to determine the role of different MLSS components in virus loss. For this, the MLSS were centrifuged (27,000 x g, 20 min), the supernatant was removed, and the pellet was suspended in an equal volume of distilled water. This suspension and the supernatant fraction were then seeded with poliovirus. The loss of recoverable PFU was at least as rapid in the suspended pellet as in the original MLSS (Fig. 1B) . On the other hand, the supernatant fraction initially (16-h sample) had almost no effect on virus recovery. However, expression of antiviral activity in this material became evident within 48 h and progressed steadily through the 13 days of incubation.
The third experiment was done to measure the effects of different disinfection methods on the antiviral activities in the pellet and supernatant fraction. A portion of the suspended pellet obtained in the previous experiment was autoclaved (121°C, 20 min), seeded with poliovirus, and examined for antiviral activity. At the same time, portions of the supernatant fraction were analyzed after being either autoclaved or filtered (0.22-,um filter). None of the three disinfected samples appeared to retain a significant amount of antiviral activity (Fig. 1C) .
Taken together, these results indicated that MLSS contain a component(s) which inactivates poliovirus. This component appeared to be pelleted during centrifugation, destroyed by autoclaving, and removed by filtration. It seemed most likely that it was a microorganism or group of microbial species. However, it was also possible that the antiviral agent was a nonliving heatsensitive material mainly associated with the particulate matter in activated sludge. The finding that the residual activity in the supernatant fraction after centrifugation appeared to increase over time tends to negate this possible explanation.
It was thought that if the antiviral component of activated sludge is a living organism, it may be possible to spike microbial growth medium with a small amount of MLSS to allow the production of this agent. To test this possibility, we seeded undiluted MLSS with poliovirus. At the same time, a sample of sterile broth (10 g of tryptone, 8 g of NaCl, 1 g of yeast extract, 1 g of dextrose, and 0.3 ml of 6 N NaOH per liter of distilled water), a sample of sterile broth spiked with MLSS (1 part MLSS per 99 parts broth), and a sample of broth spiked with the same Synthesis of the antiviral agent in broth spiked with MLSS. Poliovirus was diluted 100-fold into MLSS (U), broth (l), broth spiked with MLSS just before virus addition (A), or broth spiked with MLSS 3 days before virus addition (S) (dilution of MLSS into broth samples, 100-fold). After incubation with aeration at 26°C for the times specified, samples were withdrawn and analyzed for recoverable PFU. Arrows indicate virus recoveries which were less than the specified values. amount of MLSS but incubated at 26°C with aeration for the previous 3 days were also seeded with poliovirus. The rates of loss of recoverable PFU were then compared in the four samples.
Poliovirus was very stable in the sterile broth, and the rate of virus loss in MLSS was comparable to that seen previously (Fig. 2) . Broth freshly seeded with MLSS expressed no significant antiviral activity during the initial 16 h of incubation, but its viral titer was reduced to less than that found in MLSS after 8 days of incubation. Broth seeded with MLSS and incubated for 3 days before addition of virus caused a rapid loss of recoverable PFU within 16 h, an even greater loss than that observed in MLSS.
From these results it was concluded that the antiviral component of MLSS increases dramatically in broth. This finding, coupled with the previous findings that this component is pelleted during centrifugation, is sensitive to heat, and is removed by filtration, strongly indicates that it is a microorganism. The identity of this organism, the mechanism by which it decreases poliovirus recovery, and its effect on other enteric viruses remain to be determined.
